Pertussis toxin promotes macrophage survival through inhibition of acid sphingomyelinase and activation of the phosphoinositide 3-kinase/protein kinase B pathway.
Apoptosis is an important mechanism involved in regulating the number of macrophages present at sites of inflammation. Several lines of evidence indicate that blocking macrophage apoptosis can increase atherosclerosis. We previously reported that oxidized LDL can inhibit apoptosis in cultured bone marrow-derived macrophages. We used pertussis toxin (PTX) to test whether G protein coupled receptors are activated by oxLDL. PTX is a bacterial toxin that inhibits Gi activation by ADP-ribosylating the alpha subunit of Gi, preventing the subunit from interacting with receptors. Unexpectedly, we found that PTX by itself selectively blocks macrophage apoptosis in a dose-dependent manner. PTX acts in part by inhibiting acid sphingomyelinase activity which in turn prevents generation of ceramide, which is required for macrophage apoptosis. A Gi activator peptide, mastoparan, increased ceramide levels in macrophage and induced apoptosis, but pre-treatment with PTX partially overrode mastoparan-induced apoptosis. The anti-apoptotic effect of PTX was found to require ADP-ribosylation. PTX failed to prevent A-SMase activation or apoptosis in macrophages lacking TLR4. The anti-apoptotic effect of PTX involved the same signaling pathways as those of oxidized LDL, in that both inhibited acid sphingomyelinase, and activated the phosphoinositide 3 kinase (PI3K)/protein kinase B (PKB) pathway which leads to nuclear localization of the transcription factor NFkappaB and up-regulation of Bcl-XL. These results indicate that Gi proteins, TLR4, A-SMase and the PI3K/PKB pathway are crucial components for regulation of macrophage apoptosis.